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ABSTRACT
Goldeye from Lake Oahe were studied during 1971-72 to 
determine their food habits and age and growth. Stomachs 
were collected from 833 goldeye during twelve 24-hour peri­
ods, Contents were analyzed to determine bihourly and spring 
and summer food habits, Cladocera, principally Daphnia sp,f 
comprised 75% of the average stomach volume, Frequency of 
occurrence was 98.4?5 for Cladocera and 87.2% for Insecta. 
Young~of-the-year goldeye fed entirely on microcrustaceans. 
The diet of older age classes was predominantly microcrus­
taceans, but always included insects. Feeding occurred dur­
ing all hours of the day, but increased significantly at 
night. Goldeye were concentrated in surface waters when 
food was abundant, usually at night. At other times the 
population seemed to be distributed at all depths. Avail­
ability determined degree of use of insects by goldeye; 
microcrustaceans, alv/ays abundant, were heavily utilized.
The equation for the length weight curve was Log W = 
-5.3320 + 3.1211 Log TL. K-TL was .9297? this value in­
creased with length and was greater for older females than 
for males of the same age. Growth was good when compared 
to nearby areas and many goldeye were of commercial size.
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INTRODUCTION
The goldeye, Hiodon alosoid.es (Rafinesque), is abundant 
xn ninny North American river systems. Seldom sought by sport 
fishermen, it is utilized to a limited extent for food, prin­
cipally as smoked fish in Canadian restaurants.
This species is abundant in reservoirs in the north 
centre! United States., Information on life histories and 
status of these populations, their effects on reservoir fish­
eries m d  possible commercial value is required for commer­
cial aid sport fishery management.
fishery research workers from the University of North 
Dakota have made several studies on goldeye of Lake Sakaka- 
wea, ISorth Dakota, These studies include research on lateral 
and vertical distribution during summer months, age and 
growth, and food habits. Growth of goldeye in Lake Sakakawea 
is si jnificantly less than that of goldeye in other Missouri 
River impoundments, and these fish do not reach a'size accep- 
tatlf for the commercial market. Goldeye in Lake Oahe have 
better growth than those of Lake Sakakawea and are harvested 
commercially, Food habits and growth of goldeye were studied 
in Lake Oahe to determine why differences in growth occur in 
thjse two impoundments. The food availability may be the 
kfy to growth differences. The Lake Oahe study provides
1
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information that can he compared with data from Lake Sakaka- 
wea (Evenhuis, 1970). A comparison of results from these 
two studies should provide a much better understanding of the 
status of goldeye in ooth reservoirs.
DESCRIPTION OF THE AREA
Lake Oahe, a large multiple-purpose Missouri River 
impoundment, was constructed by the U.S. Army Corps of En­
gineers, It was closed in August, 1958, and is managed for 
flood control, hydro-electric power, irrigation, navigation 
and recreation. This reservoir has an average area of 12,586 
hectares (311,000 acres), and a total capacity of 29.02 km^ 
(23,600,000 acre feet). It has 378^ kilometers (235° miles) 
of shore line at full pool and extends from Oahe Dam near 
Pierre, South Dakota, north to Bismarck, North Dakota (Neel, 
1968). Water level usually rises in the spring and early 
summer and declines in late summer and fall. In 1971 Lake 
Oahe fluctuated ^.7 meters (15.6 feet) (Ragan, 1972). Com­
plete water exchange occurs about every 13 months. Lake 
Sakakawea is upstream from the headwaters of Lake Oahe, about 
60 miles north of Bismarck, near the city of Riverdale.
The Beaver Creek study site, sometimes known as Beaver 
Bay, is 14- miles west of Linton, North Dakota, and has been 
flooded since the spring of 1966 (Moen and Henegar, 1971). 
Forested river bottoms were inundated, leaving many dead 
trees half-submerged. Water level fluctuation and wave ac­
tion cause some bank erosion. Changing water levels prevent 
the establishment of aquatic vegetation in the littoral zone.
3
site, Fig. 1. ••-Location of the Beaver Creek sar Lake Oahe, North Dakota.
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The terrain near Beaver Creek consists of rolling hills with 
soil of sandy to loamy glacial till. The area is farmed for 
small grains and feed crops. The grasslands are dominated 
by blue grama (Bouteloua gracilis (HBK.) Lag.) and are of­
ten grazed by domestic livestock.
The region is semiarid with an average annual precipi­
tation of 16,75 inches. Eighty percent or more of this pre­
cipitation occurs between April and October as rainfall;
June normally is the wettest month. Nearby Linton, North 
Dakota, has a low temperature of -tyO F and a high of 104 F 
in 1971. The annual average temperature is ^3 F (U.S. 
Weather Bureau,, 1971). Ice breakup on Lake Oahe often oc­
curs in mid-April, but this date is highly variable.
LITERATURE REVIEW
Goldeye occur in many areas of North America and are 
especially abundant in the north central region. Canada has 
been a center of goldeye research and it is the only major 
area that utilizes them as food.
Bajkov (1930) reported on the life history and growth 
rates of goldeye in waters of Manitoba. He reported that 
the peak of goldeye activity was at night and at or near the 
surface? terrestrial and aquatic insects were the primary 
foods.
Kennedy and Sprules (196?) showed that in Canada older 
female goldeye grew faster than males of the same age, and 
most of the annual growth occurred between June and Septem­
ber. Typical Canadian habitat was the turbid water of rivers 
and flood plains, and the shallower parts of some lakes. 
Spawning occurred between late May and the end of June, de­
pending on water temperatures. Optimum water temperature 
for spawning was 10-13 C; fertilized eggs were found to be 
semibuoyant. During the open water seasons goldeye ate a 
wide variety of food., including quantities of allochthonous 
organisms, principally floating insects. The authors be­
lieved that food availability was more important than pre­
ference and that winter conditions greatly slowed growth.
7
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Fish less than 340 grams were considered too small for mar­
ket. Those 3^0 to 425 grams were most desirable and those 
heavier than 425 grams were of limited or no value.
The Canadian goldeye catch has declined since 1930* 
probably due to over-fishing. Canada's demand for goldeye 
has caused expansion of the commercial fishery into areas 
in the United States. This has led to increased interest 
and investigation of goldeye populations in this country.
Red Lake, Minnesota, has supported a commercial fish­
ery for many years. Van Oosten and Deason (1957) compiled 
a history of the Red Lake fishery, 1917-38, and made obser­
vations on the status of goldeye. Ninety-seven percent of 
the goldeye were caught during the summer and accounted for 
6.6% of the average annual catch. Grosslein and Smith 
(1959) found that goldeye fed mostly in the surface waters 
of Red Lake, and the greatest activity was at night. There 
was a positive correlation of summer temperature and rate 
of growth,
Goldeye of the Missouri River and Lewis and Clark 
Reservoir, South Dakota, fed almost entirely cn terrestrial 
insects (Johnson, 1963). Martin (1952) conducted age and 
growth studies in Lake Texoma, Oklahoma, and reported sexual 
dimorphism of the anal fin of mature goldeye. Growth data 
from these and several other areas is presented in Table 1,
Several studies concerning goldeye have been conducted 
by the University of North Dakota Bio?ogy Department on the
9
TABLE 1
COMPARISON OF MEAN CALCULATED TOTAL LENGTH OF GOLDEYE 








190a 224 264 320 336 360
Grosslein and Smith 
Red Lake
Minnesota ^1959)
104 211 28J 328 358 381
Hill
Fort Peck 
Montana (19 6 5)
102 203 259 290 308 328
Heib
Little Missouri Arm 
North Dakota (1968)
114 190 241 272 293
Johannes
Little Missouri Arm 
North Dakota (1970) 130 200 246 274 290 302
Miller and Nelson 
Lake Oahe 114 207 261 298 321 336North Dakota (1972)
aIn mm.
10
Little Missouri Arm of Lake Sakakawea, North Dakota. Peter­
son (1967) studied vertical distribution and found that 
goldeye occupied the upper three meters of water from June 
through August. The greatest activity was at night. Hieb
(1968) found goldeye in the Little Missouri Arm to be smaller 
than those from other bodies of water; these were considered 
too small for market. Goldeye more than five years old were 
rarely caught; apparently, complete turnover of the popula­
tion occurred over a short span of years. Dimorphism of the 
anal fin was found in 94.3$ of three year old fish, Johannes
(1969) studied lateral distribution and reported that catches 
were greater in warmer and more turbid waters. Miller (1970) 
compared the biological characteristics of goldeye, including 
age and growth in different areas of Lake Sakakawea and 
found uniform characteristics throughout the reservoir.
Miller and Nelson (1972) found that goldeye in Lake 
Oahe fed principally on Cladocera, especially Daphnia sp. and 
Lentodora kindtii. Insects were also important and Chiro- 
nomidae larvae and pupae had the greatest frequency of occur­
rence ; terrestrial insects were common food items. Scale 
analysis showed that annuli were formed during July. Length 
weight relationships by sex were s
Log W - -4.51694 + 2.78838 Log L (756 males)
Log W = -5.19380 + 3,06342 Log L (889 females). 
Carlander (1969) lists several unpublished studies on Lake 
Oahe goldeye that had K-TL values ranging from 1.02 to 1,29
11
with a mean of 1 ,1 5 .
In 1971 the commercial catch of goldeye from Lake Oahe 
was 139»522 pounds. The 1965 year class was the main sup­
port of the fishery and contributed of the catch. The 
1969- and 1966 year classes each contributed 25^. Gill nets 
were the principal. gear (Benson, 1971).
MATERIALS AND METHODS
Research on the goldeye in Lake Oahe was designed to 
sar.ple the detailed food habits of this fish through as much 
of the growing season as possible. The Beaver Creek site was 
selected as the study area. Fish were netted during 24-hour 
periods every 7 to 10 days from July 18 to August 16, 1971, 
and from May 16 to July 17, 1972, Gill nets were set and 
checked every two hours during the twelve periods to sample 
goldeye during all major activity periods and to determine 
major food items utilized at various periods of the day.
Experimental gill nets 125 feet long and 6 feet deep, 
with panels of 3/4, 1, 1-1/4, 1-1/2 and 1-3/4 inch machine- 
stitched nylon bar mesh were used. A gill net was set on the 
surface and checked throughout the 24-hour period. This net, 
with wooden floats attached at 25-foot intervals, was buoyed 
in the top two-and-one-half meters of water. An additional 
net was set on the bottom from 0800 to 2000 hours, This was 
done to increase catches for stomach analysis and to deter­
mine whether goldeye were active in deeper water during day­
light hours.
Water temperature was recorded every two hours at one 
meter intervals from surface to bottom. Water samples were 
collected every six hours at a depth of one meter. Dissolved 
oxygen and pH were determined with procedures outlined by the
12
Rich Chemical Company, Ames, Iowa. Secchi transparency was 
determined at the 1200 hour of each period. Dissolve oxygen 
wa; recorded in parts per million, transparency in decimeters 
and temperature in degrees centigrade.
Throughout the study, kinds and relative abundance of 
aqua vie insects and commJn terrestrial insects on the surface 
were recorded. In 1972 plankton samples were taken at one 
meter depth with a Clarke-Bumpus sampler and a plankton tow 
net, iiade of number 20 mesh, to determine the quality ana 
quant: ty of zooplankton.
Fish were removed from the nets and taken to shore for 
processing every two hours. Ail fish were measured to the 
nearest millimeter and weighed to the nearest gram. Gold- 
eye wi ch a total length greater than 200 millimeters were 
sexed by examination 5f the anal fin (Hieb, 1968), Those 
less 1 han 200 millimeters long were considered immature and 
were rot sexei.
Stomachs were removed from ten gcldeye of mixed sizes, 
if available, from each two-hour set. Each stomach was cut 
open and the contents were washed into jars with 10^ forma­
lin. Scales were removed from below the dorsal fin on the 
left side of each of these goldeye.
During laboratory analysis the stomach contents were 
centrifuged in 15 ml graduated tubes and the total volume 
determined. Large items were removed before centrifugation 
tf prevent interference with the concentration of smaller
13
particles. The samples with their preservative were spun 
for 5 minutes in a safety head centrifuge (Clay-Adams/New 
York, Inc.) at ^500 rpm. The volume of the contents of the 
tube plus the volume of any items that had been .removed be­
fore centrifugation provided the total volume. Insects and. 
other items were then separated from microcrustaceans. The 
volume of each group was determined by displacement of water 
in calibrated tubes. The volume of microcrustaceans was ob­
tained by subtracting the volume of other material from the 
total volume. Estimates of the volumes of very small insect 
fragments were often necessary.
Food items were identified to ordinate level. The 
dominant types of microcrustaceans were recorded when iden­
tifiable, Food habit data was compiled to show frequency of 
occurrence and percent by volume. Individual insect counts 
and volumes provided information on relative importance.
Scales were pressed between two cellulose acetate 
slides with a roller press (Smith, 195*0. These impressions 
were magnified and projected with a Bausch and Lomb micro­
projector, The scales were read twice and annuli were marked 
on a strip of paper superimposed on the image. A straight 
line relationship between scale radius and body length was 
assumed. The yearly increments were determined with a direct 
proportion nomograph as illustrated by Carlander and Smith 
(19^*0. These lengths were used to calculate average growth 
for each year class.
15
The length weight relationship was determined by the 
LeCren method as described by Lagler (1956). The equation 
given is W = cL . The symbols c and n are constants, L is 
total length in millimeters, and W is weight in grams. This 
expression can be written in the logarithmic form Log W =
Log c + n Log L. The method of least squares was used to 
determine the values of c and n.
The equation K = 100r000 W/lP was used to determine the 
coefficient of condition (K-TL) (Bennett, 1962). K-TL was 
averaged for all goldeye and for each sex. Facilities at 
the University of North Dakota Computer Center were used to 
speed numerical analysis of data.
RESULTS
Transparency, water temperature and dissolved oxygen 
measurements for each 24-hour cycle are presented in Figures 
2-4. Transparency varied from 5 to 13 decimeters (Figure 
2). The mean temperature at a depth of one meter and one 
meter above the bottom at net sites is shown in Figure 3. 
Water depth ranged from 5 to 7 meters.
Goldeye activity did not vary with temperature. Lake 
stratification did not develop during the summers. Wind ac­
tion and water flow through the reservoir maintained uni­
form water temperatures at all depths. Calm, hot weather 
warmed the surface water, but wind action and cooler evening 
air temperatures quickly negated this effect.
Dissolved oxygen ranged from 8 to 13 ppm. Surface 
waters had highest values on cold windy days} there was 
little day and night variation, The pH measurements in 1972 
ranged from 7.5 to 8.4
Daphnia galeata Sars 1864 mendotae Birge 1918 was the 
dominent Cladocerean; D. pulex Leydid i860 emend. Richard 
1896, D, retrocurva Forbes 1882, Bosmina Baird 1845 and 
Leptodora kindtii (Focke) 1844 were also present. Copepoda 
were abundant and both groups of microcrusteans were concen­
trated in surface v/aters at night.
16
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Fig. 2.--Secchi disc transparency at 1200 hours at 
the Beaver Creek site, Lake Oahe, North Dakota.
18
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Fig. 1-.- -Mean dissolved oxygen at 1 m depth at Beaver Creek site. Lake Oahe, North Dakota.
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Insects were often present on the water’s surface, 
especially near shore. Terrestrial members of the families 
Coccinellidae, Chrysomeiidae, Carabidae and Acrididae were 
often found. Insects were very active and abundant through­
out spring and summer. Peak activity occurred at night, 
but insects were active at all hours.
Adult Corixidae and Diptera larvae and pupae were abun­
dant in the reservoir and were found throughout the study 
period. Few minnows or othpr small r‘ found in the
open water area inhabited by goldeye. Some were found in 
shallow shoreline areas, but deep or open water species were 
not abundant.
The composition of the total catch of fishes for 1971- 
72 is presented in Table 2. Seventy-six percent of the total 
catch was goldeye. The dates, times and quantities of the 
goldeye catch are shown in Table 3. Only 31% of the goldeye 
were caught during the daylight hours between 0800 and 2000, 
even though two nets were used during these hours with one 
set at the surface and the other set on the bottom. During 
these hours the surface net captured 180 goldeye and the 
bottom net captured 250 (Ta.ble 3). The surface set, used at 
all hours, accounted for 68% of the total goldeye catch.
Analyses of stomach content are presented in Tables 9 
through 16, Microcrustaceans were the most important food 
item taken by goldeye during this study. Goldeye stomachs 
contained an average of 75% microcrustaceans by volume
21
COMPOSITION OF THE TOTAL CATCH 





Northern Redhorse 77 4.23
White Bass 64 3.51
Northern Pike 63 3.46
Blue Sucker 31 1.70
White Crappie 22 1.21
Pallid Stur^-on 15 .82
Carp 14 .77
Channel Catfish 12 »66
Yellow Perch 9 .49
River Carpsucker 5 .27
Freshwater Drum 4 .22
Sauger 3 .16
Flathead Catfish 1 ,06
Shortnose Gar 1 .06
White Sucker 1 .06
1821 100,00
TABLE 3
NUMBER OF GOLDEYE TAKEN IN GILL NETS SET ON THE SURFACE
AND BOTTOM, BEAVER CREEK , LAKE OAHE, NORTH DAKOTA, 1971-?2
Date 0200 o 4 o o 0600 0800 1000 1200 1400 1600 1800 2000 2200 2400 Total
1?71July 18-19 27 24 20 1 0(5)a 1(2) 5(D 2(2) 13(6) 1(2) 6 25 125(18)
26-2? 17 24 21 12 1(8) 0(4) 8(15) 4(7) 7(9) 10(10) 7 23 134 i 53)
Aug, 1-2 3 45 14 3 0(18) 0(5) 0(1) 2(4) 5(3) 0(34) 19 27 118(65)
8-9 22 12 14 3 15(0) 1(4) 0(1 ) 1(3) 2(0) 2(1) 22 9 103(9)
15-16 6 8 19 2 2(0) 3(D 0(0) 3(2) 3(4) 3(D 6 22 77(8)
1972 
May 16 A 4 14 4 1(1) 2(6) 3(16) 19(0) 7(0) 3(0) 6 19 86(23)
26 10 1? 28 6 4 ( 9 ) 5(5) 1 (1 5 ) 0(2) 1(1) 1(2) 8 21 102(34)
June 5 16 19 4 0 0(0) 0(6) 0(2) 0(20) 0(2) 0(1) 2 23 64(31)
15 28 9 22 3 4(0) 1 (0) 3(0) 1(0) 1(0) 2(1) 1 11 86(1)
26-2? 5 13 21 3 0(0) 0(1) 4(0) 4(0) 7(0) 4(0) 5 14 80(1)
July 6-7 34 3 3 13 1 0(0) 0(1) 0(4) 3(0) 1(0) 1(0) 0 11 97(5)
17 21 8 16 3 2(1) 0(0) 0(1) 1(0) 0(0) 0(0) 0 11 62(2)
To' 216 206 41 29(42)13(35)24(56)40(40)47(25 )27(5 2) 82 216 1134(250)
aBottom set values in parenthesis.
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TABLE 4
ANALYSIS OF STOMACH CONTENTS OF GOLDEY2
COLLECTED AT TWO HOUR INTERVALS,











0200 10 2.04 74 .71 26 2.75
09-00 10 2.35 82 .52 18 2.87
0600 10 .9-9- 40 . 66 58 1.10
0800 1 1.20 48 1.30 52 2.50
1000 5 2.55 55 1.89 41 4.60a
1200 3 3.33 94 .20 6 3.53
19-00 6 1.27 64 .69 35 2.l6b
1600 9- 2.49 82 .54 17 3.05°
1800 10 2.17 79 .58 21 2.75
2000 3 1.93 58 1.37 42 3.30
2200 6 3.65 82 .78 17 4.43
29-00 10 3.47 93 .28 7 3.75
Total 78
Average 2.26 79 .57 20 2.85
a3 stomachs contained one fish each, total of 0.8ml, of mean total volume.
“includes one fish, 0,8 ml, 9% of mean total volume.
Includes one fish, 0.8 ml, 2% of' mean total volume.
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TABLE 5
ANALYSIS OF STOMACH CONTENTS OF GOLQEYE
COLLECTED AT TWO HOUR INTERVALS,











0200 10 2.14 87 .33 13 2.4?
0400 10 1.90 93 .14 7 2.04
0600 10 .31 74 .11 26 .42
0800 10 .33 89 .04 11 .37
1000 8 1.99 89 .25 11 2.24
1200 4 3.49 86 .56 14 4.05
l4C0 10 4.35 98 .08 2 4.43
1600 10 4.92 91 .50 9 5.42
1800 9 6.93 99 .10 1 7.03
2000 10 4.90 96 .17 4 5.07
2200 6 4.36 88 .62 12 4.98
24-00 10 3.94 97 .13 3 4.0?
Total 107
Average 3.26 93 .24 7 3.50
TABLE 6
ANALYSIS OF STOMACH CONTENTS OF GOLDEYE
COLLECTED AT TWO HOUR INTERVALS,













020C 3 2.68 89
)
.32 11 3.00
04G0 10 *35 81 .09 19 .44
0600 10 *56 76 .17 24 .73
0800 3 .47 88 .06 12 .53
100G 10 1.32 82 .28 18 1 .60
1200 y O TO 100 0 0 2.13
1400 1 .50 100 0 0 .50
1600 6 1.82 76 .53 24 2.40
1800 5 3.6? 94 .23 6 3.90
2000 9 2.66 74 .95 26 3.61
2200 10 3.33 81 .79 19 4.12
2400 10 3,08 93 .21 7 3.29
T< tal 80
A /erage 1.98 84 .38 16 2.36
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ANALYSIS OF STOMACH CONTENTS OF GOLDEYE 
COLLECTED AT TWO HOUR INTERVALS,
TABLE ?









0200 10 1.21 50 1.21 50 2.42
0400 10 .87 56 .69 44 1.56
0600 10 .58 34 1.09 66 1.6?
0800 3 .60 37 .93 63 1.63a
1000 9 2.46 63 1.47 37 3.93
1200 4 2.70 77 .80 23 3.50
1400 1 4.00 89 .50 11 4.50
1600 4 3.16 71 1.26 29 4.42
1800 1 6.?0 92 , 60 8 7.30
2000 3 2.37 99 .03 1 2.40
2200 10 4.10 67 2.04 33 6.14
2400 8 .64 36 1.15 64 1.70
Total 73
Average 1.73 58 1.25 42 2.98
3 One stomach contained a fish, .3 ml , 6% of meantotal volume.
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TABLE 8
ANALYSIS OF STOMACH CONTENTS OF GOLDEYE
COLLECTED AT TWO HOUR INTERVALS,











0200 6 1.29 85 .19 15 1.48
0400 8 1.86 62 .48 17 2.98a
0600 8 .56 59 .40 41 .96
0800 2 • 58 37 .97 63 1.55
1000 2 1.40 100 0 0 1.40
1200 4 2.02 78 .56 22 2.58
1400 0
1600 5 1.90 76 .60 24 2.50
1800 7 2.34 90 .26 10 2,60
2000 4 2.11 88 .30 12 2.41
2200 6 1.42 76 .45 24 1.87
2400 9 1.44 89 .18 11 1.62
Total 61
Average 1.53 78 .36 18 1.97




ANALYSIS OF STOMACH CONTENTS OF GOLDEYE
COLLECTED AT TWO HOUR INTERVALS,
LAKE OAHE, NORTH DAKOTA, MAY lo, 1972
Volume (ml)
No. Microcrustacea Insecta Mean
Time Fish Mean % Mean fo Total
0200 4- 1.4-5 78 .4-0 22 1.85
04-00 4- .35 17 .75 83 2.10
0600 10 .66 28 1.64 71 2.30
0800 4- .58 4-6 .67 54 1.25
1000 1 2.20 88 .30 12 2.50
1200 8 1.36 52 1.26 45 2.62
14-00 10 1.53 58 1.09 42 2.62
1600 9 .4-3 30 1.03 70 1.46
1800 7 .64- 33 1.29 67 1.93
2000 3 1.22 63 .71 37 1.93
2200 4- 1.10 81 .25 19 1.35
2400 10 1.09 5-4 .93 46 2.02
Total 74
Average .97 50 .97 50 1.95
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TABLE 10
ANALYSIS OF STOMACH CONTENTS OF GOLDEYE
COLLECTED AT TWO HOUR INTERVALS,
LAKE OAHE, NORTH DAKOTA, MAY 26, 1972
Volume (ml)
No. Microcrustacea Insecta Mean
Time Fish Mean % Mean % Total
0200 10 1.58 70 .68 29 2.26
0400 10 .55 41 .69 59 1.24
0600 10 .84 57 .63 43 1.47
0800 6 .48 21 1.77 79 2.25
1000 10 1.48 58 1.06 41 2.57a
1200 10 1.65 56 1.27 44 2.92
1400 10 2.87 79 .75 21 3.62
1600 2 1.30 30 .85 70 2,15
1800 2 3.40 72 1.35 28 4.7 5
2000 3 2.43 68 1.14 32 3.57
2200 7 2.61 67 1.19 30 3.91°
2400 10 1.36 70 .58 30 1.94
Total 90
Average 1.56 62 .95 37 2.51
9.Hirudinae occursd in two stomachs, total volume 
0,4 ml, 1,5% of mean total volume,




ANALYSIS OF STOMACH CONTENTS OF GOLDEYE
COLLECTED AT TWO HOUR INTERVALS,











0200 10 1.35 53 1.21 47 2.56
0400 9 «62 43 .82 57 1.44
0600 3 .53 27 1.47 73 2.00
0800 0
1000 0
1200 6 2.25 72 .88 28 3.13
1400 2 6.40 71 2.65 29 9.05
1600 10 5.96 96 .26 4 6.22
1800 2 7.85 85 1.35 15 9.20
2000 1 5.10 84 1.00 16 6,10
2200 2 6.30 97 .20 3 6.50
2400 10 4.86 89 .63 11 5.49
Total 55
Average 3.43 80 .86 20 4.29
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TABLE 12
ANALYSIS OF STOMACH CONTENTS OF GOLDEYE
COLLECTED AT TWO HOUR INTERVALS











0200 10 .88 63 .51 37 1.39
0*1-00 9 .4? 65 .25 35 .72
0600 10 .62 63 .35 37 .97
0800 oJ .70 75 .23 25 .93
1000 4 2.28 86 .37 15- 2,65
1200 1 1.20 38 2.00 62 3.20
1500 2.93 96 .13 5- 3.06
1600 1 2.10 72 .80 28 2.90
1800 1 5« 35 99 .05 1 5.40
2000 3 1.97 85- .36 16 2.33
2200 1 5-.90 88 .70 12 5.60
25-00 10 1.36 58 .99 42 2.35
Total 56
Average 1.29 72 .50 28 1.79
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TABLE 13
ANALYSIS OF STOMACH CONTENTS OF GOLDEYE
COLLECTED AT TWO HOUR INTERVALS,











0200 5 1.36 62 .84 38 2.20
0400 10 1.02 63 .61 37 1.63
0600 10 1.13 57 .85 43 1.98
0800 3 .88 43 1.19 57 2.07
1000 0
1200 1 3.80 93 .30 7 4.10
1400 u 4.02 93 .30 7 4.32
1600 4 3.40 31 .80 19 4.20
1800 7 5.01 92 .46 8 5.^7
2000 4 2.38 68 .14 32 3.52
2200 5 2.96 95 .16 5 3.12
2400 10 .95 58 .70 42 1.65
Total 63
Average 2.12 76 .67 24 2.79
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ANALYSIS OF STOMACH CONTENTS OF GOLDEYE 
COLLECTED AT TWO HOUR INTERVALS,
TABLE 14











0200 10 1.16 68 .53 30 1.71
0400 10 .73 50 .73 50 1.46
0600 10 .45 44 .57 58 1.02
0800 1 3.00 67 1.50 33 4.50
1000 0
1200 1 3.70 60 2.50 4c 6.20
1400 4 5.io 64 2.67 33 8.02a
1600 3 4.50 86 .70 14 5.20
1800 1 6.00 80 1.50 20 7.50
2000 1 6.40 96 .30 4 6.70
2200 0
2400 10 2.68 79 .70 21 3.38b
Total 51
Average 2.02 70 .8? 29 2 .9 1
ELOne stomach contained a cigarette filter, 1.0 ml, 
of mean total volume.




ANALYSIS OF STOMACH CONTENTS OF GOLDEYE
COLLECTED AT TWO HOUR INTERVALS,













0200 10 1.28 75 .44 25 1.72
0400 8 .46 66 .24 32 .70
0600 10 .72 72 .28 28 1.00
0800 3 .33 66 .17 34 .50
1000 3 3.90 76 1.23 24 5.13
1200 0
1400 1 4.20 93 .30 7 4.50




2400 9 3.67 80 .74 20 3.67
Total 45
Average 1.70 79 .45 21 2.15
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TABLE 16
SUMMARY OF THE ANALYSIS OF STOMACH CONTENTS
OF GOLDEYE COLLECTED AT TWO HOUR INTERVALS,











1971July 18-19 78 2.26 79 .57 20 2.85
26-27 10? 3.26 93 .24 7 3.50
August 1 -2 80 1.98 84 .38 16 2.36
8-9 73 1.73 58 1.25 42 2.98
1 5 - 1 6 61 1.53 78 .36 18 1.97
1972 
May 16 74 .97 50 .97 50 1.95
26 90 1.56 62 .95 37 2.51
June 5 55 3.43 80 .86 20 4.29
15 56 1.29 72 .50 28 1.79
26-2 7 63 2 .12 76 ,6? 24 2.79
July 6-7 51 2.02 70 .8? 29 2.91
17 45 1.70 79 .^5 21 2.15
Total 833
Average 2.03 75 .65 24b 2 .7 2
GIn ml.IdRemaining 1%f miscellaneous items.
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during the summer periods of 1971 and 1972 (Table 16), 
Cladocera were estimated to be 99% of the microcrustacean 
volume and Copepoda were approximately 1%, Partial diges­
tion made exact volume measurement of small invertebrates 
impossible, Copepoda were seldom found, and as the estimated 
volumes indicate, were not a major food item.
Cladocera had a 98,4?£ frequency of occurrence and were 
the most important food organism, Daphnia galeata were the 
most common Cladocereans utilised and were the dominant group 
present in zooplankton samples. The larger, but less abun­
dant Leptodora kindtii were second in importance in this 
groupo Bosmina sp, and Copepoda were also present in the 
study area during all the 24-hour periods, Copepoda were es­
pecially numerous, but both were seldom found in the stomach 
contents.
Insects were of the average total stomach volume. 
They had an 37.2% frequency of occurrence and were the second 
most important group in goldeye diet. Terrestrial Coleoptera 
adults and Diptera larvae and pupae were the major insects 
utilized, Hemiptera, mainly Corixidae, ranked next in im­
portance, The frequency values for microcrustacean and in­
sect groups are presented in Table 17, Items found in the 
stomach contents are given in Table 18; many were not major 
food items but occurred in several stomachs. Hard insect 
parts, especially from Coleoptera, have a slower rate of 
digestion than softer items. This may result in erroneous 
frequency values and is difficult to evaluate.
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FREQUENCY OF ORGANISMS 
FOUND IN 833 GGLOEYE STOMACHS 


















^ ot de- erainea,
*U
°Diptera larvae 237» 
adults 10, 0,1%, 28„5%» pupae 294, 35.4$,
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ITEMS IDENTIFIED IN GOLDEYE STOMACHS, 
BEAVER CREEK, LAKE OAHE, NORTH DAKOTA, 1971-72
TABLE 18
Microcrustacea E. Hymenoptera
A. Cladocera 1. Formieidae




1. Chrysomelidae F. Odonata2. Carabidae 1. Lestidae
3. Coccinellidae 2. Lestidae nymphsBytiscidae 3. Aeshnidae
5. Scarabaeidae b, Aeshnidae nymphs6, Gyrinidae
7. Anthicidae G. Homoptera8, Curculionidae 1. Fulgoroidae
2. Cicadellidae
B. Diptera 3. Aphididae
1. Culicidae larvae b, Membracidae2. Culicidae pupae
3. Chironomidae larvae H. Ephemeroptera4. Chironomidae pupae 1. Nymphs
5. Muscidae 2. Adults
C. Hemiptera I. Trichoptera larvae
1. Corixidae
2. Reduviidae J. Piecoptera nymphs
3. MiridaeNotenectidae III. Arachnids
5. Nepidae IV. Fish
D. Orthoptera





Plant seeds, small fish and leeches were found in sev­
eral stomachs, but these were not common, Debris such as 
small twigs, grass stems, a feather and even a cigarette fil­
ter was also found.
Insect abundance coincided with their presence in the 
goldeye stomachs. If large numbers of Chrysomelidae or 
other species were available, they were utilized as food.
If insects were not abundant, the relative amount of micro­
crustaceans in the stomachs increased.
Aquatic insects were always in the goldeye diet. Cor- 
ixidae, active among the shoreline, were often found in gold- 
eye stomachs. Diptera larvae and pupae were very important 
food items, especially in July, and these were taken near 
surface and bottom by goldeye throughout the study. They were 
found in the greatest numbers in fish caught near the surface 
at night.
Insects comprised 19$ of the average total stomach vol­
ume of goldeye taken in the net set near the bottom. Gold- 
eye taken at the surface consumed an average of 26% insects 
by volume. Diptera larvae and pupae were the dominant in­
sect found in bottom-netted fish. There was a predominance 
of terrestrial Coleoptera in goldeye taken on the surface and 
many beetle fragments were found in fish caught near the 
bottom. Variable digestion rates of different types of or­
ganisms made the evaluation of bihourly food habits difficult.
Pood habit analysis of age groups of 615 goldeye is
shown on Table 19. Four young-of-the--year goldeye contained 
only microcrustaceans. In other age groups microcrustaceans 
by volume averaged approximately 70% of the stomach con­
tents. The average total volume of goldeye stomachs and the 
percentage of microcrustaceans they contained increased in 
older age classes.
Scales were used to obtain the age and growth informa­
tion (Table 20). Almost two-thirds of the growth in length 
occurred during the first two years; after this, growth 
slowed significantly. The greatest number of annuli found 
was nine. Several specimens had seven or eight annuli, but 
there were insufficient individuals or readable scales to 
provide reliable data. The 1966 and 196? year classes were 
the strongest and the 1968 class was the weakest.
The length weight curve for the 1971 catch is shown 
in Figure 5* The equation for this curve is Log W = - 5.3320 
+ 3.1211 Log TL.
The coefficient of condition (K-TL) for ail fish 
caught in 1971 was .9297. The value for females was ,96*4-5 
and for males was .921*1. These values increased wixh the 
length of the fish.
Bothriocephalus cuspidatus Cooper 1917 was a common 
parasite. It was found in many stomachs and sometimes com­
prised one-half the stomach contents.
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AVERAGE VOLUMES OF STOMACH CONTENTS OF GOLDEYE BY AGE 












0(4) .20 100 .0 0 0.20
1(62) .7l+ 70 .29 27 1.06
11(176) 1.36 75 .46 25 1.82
111(89) 1.80 69 .76 29 2.62
IV(120) 2.57 77 .75 23 3.32
V(118) 3.06 82 .66 18 3.73
VI(46) 2.77 80 .69 20 3.^6
TABLE 20
AVERAGE TOTAL LENGTH (mm) AT EACH ANNULUS
CALCULATED FOR 369 GOLDEYE,









III IV V VI
1970 48 192 96
1969 ""3 258 78 199
1968 24 324 97 222 291
1967 86 348 114 230 295 327
1966 99 360 111 215 276 320 345
1965 39 374 109 216 275 320 346 362
Average calculated 
length
102 215 283 321 345 362
Average annual 
increment
102 113 68 38 24 17
^3
Fig, 5.-— Length weight relationship for ail goldeye 
taken from Beaver Creek, Lake Oahe, North Dakota, 1971.
DISCUSSION
Cladocera, principally Daphnia, were the major food of 
goldeye examined during this study. Insects ranked second 
and were preferred when available, however their abundance 
regulated the proportions of microcrustaceans in goldeye 
diets. If insects were unavailable in quantity, the propor­
tion of microcrustaceans utilized increased.
The diet of young-of-the-year goldeye was entirely 
microcrustaceans? all other age classes utilized both in­
sects and microcrustaceans. The volumes of microcrustaceans 
in the diet of older groups tended to increase with age. 
Although insects were a preferred food, their supply may have 
been insufficient to contribute the same representative per­
centage in larger fish as in smaller ones.
Daphnia pulex, D, galeata and Leptodora kindtii migrate 
toward the surface at night (Hall, 196^; Welch, 1952); 
Chaocorus larvae exhibit a similar nocturnal vertical migra­
tion. Welch (1952) stated that the principal factors in­
volved in this migration appeared to be light, temperature, 
food and gravity, however there is very little specific in­
formation concerning this phenomenon. These ~nd other food 
organisms were concentrated in the surface strata of Lake 
Oahe during periods of darkness and may have attracted gold- 
eye.
^5
Cladocera and terrestrial insects were generally less 
abundant on the surface during the day. Congruently, the 
catch of goldeye during daylight hours was smaller than 
that taken at night, indicating reduced surface activity. 
ir ■ ever, on those days when insects were numerous on the 
surface, goldeye were concentrated and were actively feeding 
at the surface during daylight hours. Thus goldeye distri­
bution follows concentrations of major food organisms, and 
food availability, not light, regulated goldeye distribu­
tion, however light influenced the distribution of certain 
desired food organisms. Diptera larvae and pupae often 
occupy deeper waters during the day and the availability of 
these insects at this location was reflected in the stomachs 
of goldeye caught in bottom nets. Therefore goldeye fed at 
all periods of the day and the area of activity and their 
diet was influenced by the location, availability, and con­
centration of food organisms.
Larger Cladocera were utilized to a greater extent even 
though smaller forms such as Bosmina sp. and Copepoda were 
available. Organism size may have influenced goldeye food 
habits and ultimately may affect the presence or abundance 
of certain zooplankton populations. Since larger members of 
these populations are reproductively mature, and are neces­
sary for successful perpetuation of these species, selective 
removal of such individuals could reduce reproduction and 
population size. Similarly, the alewife, Alosa pseudo hare ngu s
(Wilson), a pelagic marine fish, now abundant in some fresh­
water habitats in North America, has a profound effect on 
the structure of zooplankton communities (Brooks, 1969). 
Alewives may compete more successfully with small game fish 
and some larger fish for zooplankton (Hutchinson, 1971?
Wagner, 1972). Goldeye may interact similarly, thus addi­
tional studies concerning the interrelationships between gold- 
eye and other organisms may be required to determine the ef­
fects of this species on other fishes in reservoirs of the 
upper Missouri River, These studies would provide additional 
basic information necessary for reservoir fishery management, 
Evenhuis (1970) and Miller and Nelson (1972) found that 
microcrustaceans were the principal food of goldeye in two 
large reservoirs, Lake Sakakawea and Lake Oahe, Kennedy 
and Sprules (1967) reported insects were the principle food 
of goldeye in natural lakes. Variations in availability of 
food items may explain the differences in food habits in 
reservoirs and natural lakes. The growth rates of goldeye 
from Lake Oahe were similar to, or better than those of 
this species from natural lakes in Minnesota and Canada, 
Therefore it is evident that different diets do not seriously 
alter growth rates in this species. Natural lakes may have 
greater numbers of insects or lower populations in insecti­
vorous fishes that compete for these organisms. In large 
reservoirs like Lake Oahe the absence of a littoral zone 
because of fluctuations of water levels may curtail the
k6
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numbers of insects, and thus, their availability. In a 
natural lake the littoral zone is often well developed and 
provides suitable habitat for The production of large popu­
lations of insects. Consequently, there are differences in 
production and availability of insects for fish food in 
natural lakes and reservoirs,
Goldeye more than tv/o years old have slower growth in 
Lake Sakakawea than in Lake Oahe, The differences in 
growth may be related to quantitative differences in avail­
able food. Goldeye in both reservoirs feed almost exclus­
ively on Cladocera and insects. To evaluate the relative Im­
portance of these two major items it would be advantageous to 
compare the relative and absolute abundance of Cladocera 
and insects in the two reservoirs and relate their abundance 
to growth of goldeye.
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